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Indian Standard 

METHODS OF TEST FOR 
VULCANIZED RUBBER 

PART 11 DETERMINATION OF REBOUND 
RESILIENCE 



( First Revision J 



0. FOREWORD 

0.1 This Indian Standard ( Part 11 ) was adopted by the Indian Standards 
Institution on 12 December 1985, after the draft finalized by the Rubber 
Products Sectional Committee had been approved by the Petroleum, Coal 
and Related Products Division Council. 

0.2 This standard covers test procedures for determining the rebound 
resilience of vulcanized rubbers; it employs a mechanism which has a part 
that strikes the rubber test piece with known mechanical energy and is then 
free to rebound. 

0.3 The value of the rebound resilience for a given material is not a fixed 
quantity; but varies with temperature, strain distribution ( determined by 
the type of dimensions of the in den tor and test piece ). strain rate 
( determined by the velocity of the indentor ), strain energy (determined by 
the mass and velocity of the indentor ) and strain history. Strain history 
is particularly important in the case of filler-loaded polymers, where the 
stress-softening effect necessitates also a mechanical conditioning. The 
factors described, have different quantitative influence on resilience. 
However, if a defined set of mechanical conditions and an appropriate 
apparatus are selected, a standard value of rebound resilience at any 
temperature can be obtained with a satisfactory degree of reproducibility. 

0.4 In the original version of the standard published in 1969, Dun lop 
Tripso meter and Lupke Pendulum were covered. 

0.5 In this revision, methods using Lupke Pendulum has been retained and 
Bashore Resiliometer included while Dunlop Tripsometer has been exclud- 
ed because required certain corrections in the observed values. The 
preferred method, using the Lupke Pendulum is the one method complying 
with the requirements of ISO 4662-1978 ( E ) Rubber — Determination of 
rebound resilience of vulcanization. Details of Schob pendulum that 
comply with ISO 4662 are given in Appendix A. 
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0,6 While preparing this standard assistance has been drawn from the 
following standards : 

i) ISO 4662-1978 (E) Rubber — Determination of rebound 
resilience of vulcanizates; and 

ii) ASTM D 2632-1979 Rubber Property — Resilience (Vertical 
rebound ), American Society for Testing and Materials. 

0.7 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, express- 
ing the result of a test or analysis, shall be rounded off in accordance with 
IS : 2-1960*. The number of significant places retained in the rounded 
off value should be the same as that of the specified value in this standard. 



1. SCOPE 

1.1 This standard ( Part 11 ) prescribes methods for determining the 
rebound resilience of vulcanized rubbers. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions shall apply. 

2.1 Resilience — The ability of a rubber vulcanizate to return the energy 
used to deform it, 

2.2 Re be and Resilience — The proportion of applied kinetic energy 
returned in one impact cycle. 

3. METHODS OF TEST 

3.1 In this standard two methods have been prescribed. In Method A the 
vertical rebound method ( Bashore Resiliometer ) is used and in Method B 
Lupke Pendulum is used. Details of Schob Pendulum that comply with 
ISO 4662 are also given in Appendix A. 

4. METHOD A VERTICAL REBOUND ( BASHORE RESILIOMETER ) 

4.0 Outline of the Method — The test covers the determination of impact 
resilience of solid rubber from measurement of the vertical rebound of a 
dropped mass. The method is not applicable to the testing of cellular 
rubbers or coated fabrics. Resilience is a function of both dynamic 
modulus and internal friction of a rubber. It is very sensitive to tempera- 
ture changes and to depth of penetration of the plunger. Consequently 

•Rules for rounding off numerical values ( revistd). 
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resilience values from one type of rebound instrument may not, in general, 
be predicted from results on another type of rebound instrument. 

4.1 Apparatus 

4.1.1 A diagram of the essential features and dimensions of the apparatus 
is given in Fig. 1. Basically it includes means for suspending a plunger at 
a given height above the specimen for releasing the plunger, and for 
measuring its rebound height. The plunger dimensions are also given 
in Fig. 1. Its mass shall be 28 ± 0*5 g. 

4.1.2 The height of the drop point and of the resilience scale above the 
base of the instrument should be adjustable, so that the drop height is 
always 400 ± 1 mm above the specimen surface. The resilience scale 
should be marked in 100 equally spaced divisions. The top of the plunger 
should be in line with 100 on the scale when the plunger is locked in the 
elevated position. 

4.1.3 The plunger fall and rebound is guided by a vertical rod. In order 
to minimize friction between the plunger and the guide means must be 
provided for levelling the base of the instrument. 

4.2 Test Piece 

4.2.1 The standard test piece shall have a thickness of 12*5 ± 05 mm. 
The test piece shall be placed in such a way so that the point of plunger 
impact is a minimum distance of 14 mm from the edge of the test piece. 
The test piece may be moulded or cut from a slab. 

4.2.2 Alternative test pieces may be prepared by plying up samples cut 
from a standard test slab. These samples shall be plied, without cementing, 
to the required thickness. Such plies shall be smooth, flat and of uniform 
thickness. The results obtained with these test pieces will not necessarily 
be identical with those obtained using a solid test piece of the same 
material and state of cure. 

Note — A thin test piece reaches a higher state of cure at a given time and tempe- 
rature of cure than does a thicker test piece. Therefore, if plied up test pieces are used, 
their cure time should be appropriately lower than that for a single ply test piece used 
for comparison. 

4.3 Procedure 

4.3.1 Conditioning of Test Pieces 

4.3.1.1 For all the test purposes, the minimum time between vulcaniza- 
tion and testing shall be 16 h. For accurate comparison between different 
rubbers it may be necessary to ensure that these are tested at substantially 
the same interval after vulcanization. 
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4.3.1.2 For product tests, whenever possible, the time between vulcani- 
zation and testing should not exceed 4 months. In other cases, tests shall 
be made within 2 months of the date of receipt of the product by the 
customer. 

4.3.1.3 Protect the test pieces from light as completely as possible dur- 
ing the interval between vulcanization and testing. 

4.3.1.4 Keep the test pieces at a room temperature of 27° ± 2°C for a 
period of not less than 3 hours immediately prior to the measurement and 
test. Test these test pieces immediately but if not tested immediately, 
keep at 27 # ± 2*C until tested. 

If the preparation involves buffing, the interval between buffing and 
testing shall not exceed 72 hours. 

4.3.2 Test Temperature 

Carry out the test at 27* ± 2*C unless otherwise specified. If the 
test is to be carried out at other than standard laboratory temperatures, it 
shall be selected from one of the following temperatures : 

-75° ± 1*C, -55° ± l'C, -40° ± 1*C, -10 e C ± 1°C, 

0° ± 1°C, 27° ± 1«C, 50* ± PC, 70 # ± TC and 100* ± 1°C 

The test also may be carried out at any other temperature which may 
be deemed necessary inview of particular service requirements. If the tests 
are to be made at the temperatures, other than standard laboratory 
temperature, the test pieces should be conditioned at that temperature and 
tests shall be conducted at the conditioning temperature. 

4.3.3 Determination of Rebound Resilience 

4.3.3.1 Level the instrument and raise the plunger to the top of its 
guide rod. 

4.3.3.2 Position the resilience scale so that its full mass rests upon the 
test piece. Lock it in this position. 

4.3.3.3 Release the plunger, making sure that it slides freely on its 
guide. Do not record the first three rebounds. Record the height of each 
of the next three rebounds. 

Note — Any fide pressure or impact on the guide rod may bend it with a resulting 
hindrance on the free fall of the plunger. Do not oil any part of the instrument. 
Always keep a sample of rubber under the stabilizer, when not in the use to avoid 
damage to the plunger. 

4.4 Expression of Results 

4.4.1 The results shall be expressed as 'Percent resilience* as it is a ratio 
of the rebound height to the dropped height of the plunger. Since the 
resilience scale is divided into 100 parts, the rebound height is equal to the 
resilience. 
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4.5 Report 
4.5.1 The report shall include the following information : 

a) Average of 4th, 5th and 6th impacts; and 

b) Any variation from standard specimen construction or standard 
test temperature. 

5. METHOD B LUPKE PENDULUM 

5.1 Principle of the Method — In this test a certain part of the input 
energy is dissipated us heat and is thus not returned as mechanical energy 
during the rebound; the greater the heat dissipation in the rubber, the 
smaller will be (he rebound. Owing to the wide variety of possible service 
conditions no general correlation between the rebound resilience and the 
energy dissipated as heat during service operation can be given. The value 
of the rebound resilience for a given material is not a fixed quantity but 
varies whh temperature, time of indentation and rebound, and, in the case 
of filler-loaded polymers, with the amplitude of the deformation, as well. 
This variation of resilience With conditions is an inherent property of 
polymers, which can therefore only be fully evaluated if tests are carried 
out over a wide range of conditions. . If another apparatus than the Lupke 
Pendulum is used, even having a similar range of time and amplitude of 
deformation, the resilience values obtained will not necessarily be identical. 
If tests involving greatly differing impact limes and/or different amplitudes 
are used, for example, a dropping steel ball, the results are likely to differ 
considerably. This method applies to vulcanized rubber the hardness of 
which at the test temperature lies between 30 and 85 IRHD. Losses due to 
transmission of energy to the instrument frame through the test piece may 
become serious with very hard test pieces, and for this reason an upper 
limit is placed on the hardness of rubbers that may be tested. It is also 
very important that the frame and its supports should be rigid. Tests are 
commonly required either on several rubbers at one temperature, or on one 
rubber at series of temperature ( not more than 10 deg apart ) in order to 
study the temperature variation of the resilience. For these two purposes 
different procedures are specified for bringing the test piece to the test 
temperature. 

5.2 Apparatus — The apparatus consists of the pendulum and the test piece 
holder whose details are shown in Fig. 2 to 6. 

5.2.1 Pendulum — The pendulum consists of a rod of a mass of 350*00 
± 0*25 g, the striking end of which is a hemisphere of 12*50 ± 025 mm 
diameter, suspended by four thin cords so that it maintains a horizontal 
position when describing an arc of a circle of 2 000 ± 2 mm radius. When 
the pendulum is at rest, the tip just touches the centre of the surface of the 
test pieces. The pendulum swings from specified height Y depending on the 
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thickness of the test piece above the position of rest and strikes horizontally 
against the test piece, which is held securely by a suitable holder against a 
rigid or heavy anvil. The release mechanism should not impart any 
impulse to the striker. The rebound of the striker is measured by means 
of a suitable graduated scale. 



2000t2 



TEST PIECE 
HOL0ER 




200.0t2 



All dimensions in millimetres. 

Fig. 2 Lupke Pendulum 
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A — Inlet or outlet for temperature control fluid 

B — Thermometer pocket 

F — The clearance between outside diameter of striking hamm er and inner diameter 
of the circular chamber must be > 1 mm 

The circular chamber C is A sliding , fit on the end, of tube D and is held in 
position by two spring loaded levers EE. 

All dimensions in millimetres. 

Fig. 3 Mechanical Holder 

5.2.2 Holder — Suction holder may be used. For composed test pieces 
a special holder is needed The holder should not exert any lateral restrain 
on the circumference of the test piece. A minimum clearance of 1*5 mm 
between the circumference of the test piece and the inside surface of the 
holder is necessary. The support should be of sufficient rigidity to absorb 
a negligible amount of energy during the impact blow of the pendulum. 
If the support is a free mass, it should be rigid and have a mass of at least 
70 kg. 

Provision should be made for heating or cooling the test piece holder 
when tests at a series of different temperatures are required. The tempe- 
rature of the holder should be measured at a point as close as possible to the 
test piece. 

10 
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Fig. 6 Special Suction Holder with Provisions for 
Heating or Cooling 

5.2.2.1 Mechanical holder — The force exerted on the edge of the 
front surface of the test piece by the clamp should be between 30 and 50 N. 
The holder enables measurements to be made at any of the recommended 
test temperatures by circulating suitable liquids heated or cooled to the 
appropriate temperature. 

5.2.2.2 Suction holder for single test piece — The solid test piece is held 
against the anvil by suction acting through grooves in the periphery of the 
test piece. 

5.2.2.3 Suction holder for composed test piece — The test piece or 
pieces built up to obtain the proper thickness are heated in- an air even in 
the centre part of the clamp. After having reached the test temperature, 
this part is placed in the preheated base and covered with the air curtain 
which blows air over the samples at the test temperature. 

5.2.2.4 Special suction holder with provisions for heating or cooling — 
This holder enables measurements to be made at any of the recommended 
test temperatures by circulating suitable liquids heated or cooled to the 
appropriate temperature. 
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5.3 Test Piece — The standard test piece is a disc of 1 2 '5 ± 0'5 mm thick- 
ness and a diameter, preferably, of 29*0 ± 0*5 mm. Test pieces with larger 
diameter may be used in a suitably sized holder. 

5.3.1 Alternatively a test piece with a lesser thickness, but not less than 
3 8 mm, may be used provided the drop height is adjusted as described 
in 5.4.5.1. 

5.3.3 If the material to be tested is thinner than 3*8 mnt, the test may be 
carried out on a stack of discs of any thickness with a minimum of 
3*8 mm, mounted in a special vacuum holder. All layers shall be of the 
same composition and the same state of cure. The thickness and procedure 
followed for comparative tests should be the same. 

5.3.3 Two test pieces should be prepared and tested. 

5.4 Procedure 

5.4.1 Preparation of Test Piece — The test piece may be prepared either 
by moulding by cutting. If fabric is attached to the sample it is removed 
before testing. The sample surface should be flat and smooth. 

If it is necessary to buff the test surface of the test piece in order to 
remove the outer skin, finishing with an abrasive equivalent to No. 60 to 80 
grit is recommended if this has not already been done during the prepara- 
tion of the sample. 

5.4.2 Conditioning of Test Pieces 

5.4.2.1 All tests and conditioning of test slabs should be carried out 
after 16 hours but before 4 weeks after vulcanization, and, for accurate 
comparisons between different rubbers, it may be necessary to test them at 
substantially the same interval after volcanization. 

5.4.2.2 The test pieces are conditioned at the test temperature. If this 
is different from the standard laboratory temperature, a special heated or 
cooled holder should be used. The holder is first brought to the test tempera- . 
ture and then the test piece inserted. A sufficient time should elapse before 
testing in order to reach a uniform temperature distribution inside the 
test piece, a maximum difference of 1 deg being allowed; for example for 
the standard thickness of 12*5 mm the conditioning time should be not less 
than 20 minutes and test pieces thinner than 8 mm should be conditioned 
for not less than 10 minutes. Test pieces may be heated apart from the 
holder and then inserted in the heated holder; in this case the time before 
testing may be shortened to 5 minutes. 

In tests at low temperature provision should be made to prevent frost 
on the test piece holder. 

5.4.3 Thickness Measurement — The thickness of the test piece should 
be measured with an accuracy of 0*05 mm. 

13 
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5.4.4 Test Temperature — Carry out tests at —70* ± 1°C, -55° ± 1°C, 
-40° ± 1°C, -25° ± VC, -10° ± 1°C, 0' ± 1°C, 27° ± 1°C, 50" ± 
1°C, 70° ± l°Cand 100° ± l°Cand also at any other temperatures which 
may be deemed necessary in view of particular service requirements. Where 
resilience changes quickly with the temperature, for research purposes 
closer intervals may be used. 

5.4.5 Determination of Rebound Resilience — Clamp the test piece to the 
holder move the striker to the desired drop height above the level of the 
point of impact and allow to falL Measure the horizontal displacement 
after the rebound on the scale. Subject the test piece to a number of 
impacts in rapid succession until a constant reading is maintained for three 
consecutive impacts. Use this constant reading in the calculation of 
results. 

5.4.5.1 Drbp height — For a standard test piece with a thickness of 
12-5 mm, the standard drop height is 100 mm. In order to obtain approxi- 
mately comparable rebounds when using non-standard test pieces with 
reduced thickness, the energy applied to the sample should be related to its 
thickness, which can be done by adjusting the drop height and using the 
relation that the ratio between the velocity of the bar at the moment of 
impact and the thickness of the test piece is kept constant ( see Appendices 
B and C ). 

5.4.5.2 Take the average of the results obtained from two test pieces. 

5.5 Expression of Results — Express the result as percentage rebound 
resilience. Calculate from the following expression ( see Fig. 7 ): 

Rebound resilience, percent =* 100 v/y 

_ 100 ( 2 000— v^2 000» — jc 1 ) 

~ Y 

where 

v = rebound height in millimetres, 
Y «= drop height in millimetres, and 
x = horizontal rebound deviation in millimetres 
Average of two results from two test pieces be given. 

Note — To reduce calculations, the use of an appropriate scale on which the drop 
height and the rebound height can be read, is recommended ( see Apptndix C and 
Appendix D). 




Fig. 7 Principle of Rebound Resilience Measurement 
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5.6 Report — The report shall include the following: 

a) Rebound resilience, percent; 

b) Test temperature; 

c) Diameter of test piece, thickness and number of discs if it was 
built up; 

d) Type of test piece holder; and 

e) Drop height. 



APPENDIX A 

( Clauses 0.5 and 3-1 ) 

DETAILS OF SCHOB PENDULUM THAT COMPLY WITH 
REQUIREMENTS OF ISO 4662 

A-l. This is a rigid pendulum consisting of a hammer terminated by a 
spherical indenting surface* 15 mm diameter, with a rod. of about 200 mm 
length, connecting the hammer to a pivot. 

The dimensions and masses shall be such that, when this pendulum is 
deviated by a right angle from its rest position and released, it impacts the 
test piece with a velocity of 2 m/s and an energy of 0'5 J. 

A-2. The Schob pendulum, originally described in Mitteilungen aus dem 
staatlichem Materiajprufungsamt, Berlin 1919, p. 227, by A Schob involves 
the use of a 6 mm thick test piece and is therefore outside the range of spe- 
cifications given in ISO 4662, whereas the one involving the use of a 
12 5 mm thick test piece falls within the range of ISO 4662. 



APPENDIX B 

(Clause 5 ASA) 
DROP HEIGHT 

B-l. DROP HEIGHT ADJUSTMENT 

B-1.1 The drop height adjustment is based on the principle that the ratio 
of the velocity of the striker ( v ) at the moment of impact to the thickness 
of the test piece ( / ) is constant : 

-L = I*. (1 ) 

15 
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The relation between the velocity and the drop height is: 

K- V~2T7 (2) 

where 

g =s acceleration due to gravity; and 
Y — drop height. 
From the equations ( 1 ) and ( 2 ) follows: 

Y=7TX Y o (3) 

•o 

The standard drop height ( Yo ) a &d test piece thickness ( to ) are 
100 mm and 12*5 mm, respectively. 

Substituting these numerical values in the foregoing formula and 
simplifying the result, we obtain: 

Y r= 0*64 /* mm 

where /is the figure indicating the sample thickness in millimetres 
(see Appendix C ). 



APPENDIX C 

( Clause 5.5 ) 

EXAMPLES OF TEST PIECE HOLDERS 

C-l. MECHANICAL HOLDERS 

C-l.l An example of a holder in which the test piece is held in place by a 
mechanical clamp is shown in Fig. 3. The force exerted on the edge of the 
front surface of the test piece by the clamp should be between 30 
and 50 N. 

C-1.2 This holder enables measurements to be made at any of the recom- 
mended test temperatures by circulating suitable liquids heated or cooled 
to the appropriate temperature. 

C-2. SUCTION HOLDERS 

C-2.1 An example of a suction holder suitable for tests on single test pieces 
and at ambient temperatures only is shown in Fig. 4. The solid test piece 
is held against the anvil by suction acting through grooves in the surface of 
the anvil. 

16 
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C-2.2 Two examples of suction holders suitable for both solid and built- 
up test pieces are shown in Fig. 5 and Fig. 6. The holder shown in Fig. 5 
uses an electrical heater for tests above ambient temperature while the 
holder shown in Fig. 6 uses circulating liquid heated or cooled as required 
for tests at othet* temperatures. The front surface of the test piece in both 
holders is maintained at the test temperature by means of a current of 
heated or cooled air. The parts of the holder in contact with the test piece 
should be made of metal with a high thermal conductivity. 



APPENDIX D 

( Clause 5.5 ) 

RELATION BETWEEN VERTICAL AND HORIZONTAL 
DISPLACEMENT 

D-l. VERTICAL AND HORIZONTAL DISPLACEMENT 

D-l.l The relation between the vertical and horizontal displacements of the 
striker is given by the formula ( see also Fig. 7 ): 



Y « 2 000 - \/2 000 J — X* 
and 



y *= 2 000 - V2 000 3 — x» 
where 

Y = original vertical displacement in millimetres, 
X = original horizontal displacement in millimetres, 
y --= rebound vertical displacement in millimetres, and 
x « rebound horizontal displacement in millimetres. 
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